Obesity is a major clinical problem. The number of obese pregnant women is rising rapidly. The consequences of obesity are significant and affect every aspect of perinatal care for both the mother and the developing fetus. Adipose tissue may be responsible for chronic subclinical inflammation in obesity, being a source of inflammatory mediators. The study was designed to evaluate the analysis of the serum concentration of inflammatory mediators, including interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), and adiponectin, in obese pregnant women at full-term pregnancies.
Background
Obesity is a major clinical problem, affecting a large number of people. Overweight is determined by the World Health Organization as one of the greatest global threats, affecting over 39% of the world population, and up to 13% of people are obese [1, 2] Overweight is defined as BMI of 25 to 29.9, and obesity is defined as a BMI of 30 or higher [3] .
The number of obese pregnant women is growing rapidly, and excessive weight is one of the most important risk factors for pregnancy complications. The consequences of obesity are significant, affecting every aspect of perinatal care for both the mother and the developing fetus, including the longterm effects. Complications of obesity include fetal macrosomia, gestational hypertension, pre-eclampsia, infections of the genitourinary tract, and premature birth. Obesity may be an independent risk factor for perinatal deaths of women [4] . Most pregnancies of overweight women end with cesarean section, and vaginal births are complicated by shoulder dystocia. In addition, there is a greater loss of blood during the labor and greater risk of infectious complications in the puerperium [5] . It is also noted that women with a BMI >30 kg/m 2 are more likely to give birth to children with defects of the nervous system and gastrointestinal tract, heart defects, and umbilical hernia [3] . Moreover, excessive maternal weight is a risk factor for long-term complications in the newborn [6, 7] .
The main known role of adipose tissue is as energy storage. Nevertheless, it mediates many inflammatory and immune reactions. Adipose tissue is the largest metabolically active endocrine structure in the human body. Adipocytes produce and secrete a number of biologically active substances, including cytokines, enzymes, growth factors, and hormones. These compounds are involved in the regulation of nutrition and maintaining the body's energy balance, insulin sensitivity, metabolism of carbohydrates and lipids, hemostasis, angiogenesis, blood pressure, and immune and inflammatory processes. Results from clinical studies in recent years indicate that adipocytokines may be responsible for chronic subclinical inflammation in obesity. Adipose tissue can be the source of pro-inflammatory mediators that can directly cause lesions in the vascular endothelium, insulin resistance, and, consequently, the development of atherosclerosis. Such effects may be caused by TNF-a, IL-1, IL-6, CRP, leptin, resistin, PAI-1, and angiotensinogen. Other substances produced by adipocytes, such as nitric oxide and adiponectin, have anti-inflammatory effects and reduce insulin resistance [8] .
Normal pregnancy is associated with a highly regulated inflammatory response and there is a balance between the anti-inflammatory and inflammatory factors. The inflammatory response is essential for proper implantation, trophoblast invasion, and the correct functioning of the placenta. In contrast, the post-implantation period is associated with immunosuppression to prevent immune rejection of the fetus. Maternal obesity is associated with disproportion of inflammatory mediators, which ultimately can lead to disorders specific to pregnancies complicated by excessive maternal weight [9] .
In this study, we analyzed the level of inflammatory mediators, including IL -6, tumor necrosis factor alpha (TNF-a), and adiponectin, among obese pregnant patients at full-term pregnancies.
Material and Methods
This was an observational study, conducted in a group of 64 adult women in the third trimester of pregnancy during the perinatal period, admitted to the Department of Obstetrics and Perinatology University Hospital in Cracow in the period from August 2013 to June 2014. The inclusion criteria were 37-41 weeks pregnancy and in the first stage of labor. The exclusion criteria were: multiple pregnancy, diseases associated with chronic inflammation, or symptoms of severe infection at admission.
On admission, with patient's written consent, a blood sample was taken for the assessment of venous blood serum concentrations of biochemical markers IL-6, TNF-a, and adiponectin. The ultrasound examination was performed to evaluate the development of the fetus, including growth profile, evaluation of Doppler flow in the umbilical artery, Doppler flow in the middle cerebral artery with calculation of the cerebroplacental ratio (CPR), Doppler flow in uterine arteries, and the amniotic fluid index. The body mass index (BMI) was calculated. The medical interview provided information on pregnancy complications such as gestational diabetes, hypertension, fetal macrosomy or small for gestational age (SGA), and history of miscarriage. Data, including mode of delivery and neonatal outcomes (fetal birth weight and Apgar score), were statistically analyzed using Statistica v10.0.
We investigated the relations between the inflammatory mediators excreted by adipose tissue and BMI. Linear regression analysis was used to detect the association. We used the t test for average concentration in both groups: BMI less than 30 and BMI equal to or above 30. The p-values below 0.05 were considered to be statistically significant. Multiple regression analysis was used to access the effect of age, week of pregnancy, and previous miscarriages on the level of inflammatory mediators. 
Results
The study included women at 37-41 weeks of pregnancy (median 39 weeks), ages 19-47 years (median 31 years), who had singleton pregnancies. Obesity (BMI at least 30) was observed in 37% of cases. Median BMI for the group was 28. Approximately 43% of the population were primiparous and 57% were multiparous. Gestational diabetes and hypertension were more common in the obesity group (33.3% vs. 10.3% for diabetes and 16.6% vs. 0% for hypertension), but the group was too small to show statistical significance. In our study, more newborns were macrosomic in the obese group than in the non-obese group (8.7% vs. 2.6%, respectively), but without statistical significance. Over 73% of patients had cesarean section. The most common indications were previous cesarean section (24%) and threatening fetal asphyxia (18%) ( Table 1 ).
The average level of adiponectin in the obese group was 6211 ng/ml (95% CI 5262-7160 ng/ml) and was significantly lower than the 7782 ng/ml in patients with normal BMI (95% CI 6905-8657 ng/ml) p-value=0.0216) (Figures 1, 2) . The average level of TNF-a in the obese patients was 2.15 pg/ml (95% CI 1.94-2.35 pg/ml) and was higher than in patients with normal BMI (2.13 pg/ml (95% CI 1.94-2.32 pg/ml), but the difference was not significant (p-value=0.5465). The average level of IL-6 in the obese patients was 1.37 pg/ml (95% CI 1.64-1.10 pg/ml) and was slightly lower than the 1.52 pg/ml found in patients with normal BMI (95% CI 1.30-1.75 pg/ml), but without statistical significance (p-value=0.3922).
There was a statistically significant negative correlation between patient age and the levels of Interleukin-6 and TNF-a: a decline of 0.053pg/ml (p-value 0.0372) (Figure 3 ) and the 0.039 pg/ml (p-value 0.0127) (Figure 4) , respectively, for each year of life of the patient.
In addition, higher levels of TNF-a occurred in patients who had a miscarriage in the past; the average level of TNF-a was 2.395 (95% CI 1.885-2.9055), while in the group with no history of miscarriage it was 2.0886 (95% CI 1.947-2.229), which is a statistically significant difference (p-value 0.0361).
We found an association between the TNF-a level and the amount of amniotic fluid. When TNF-a increased by 1 pg/ml, the amount of amniotic fluid, measured as amniotic fluid index (AFI), increased by 23 mm (p-value 0.0062). There was no statistically significant relationship between IL-6 (p-vale 0.5991) and adiponectin (p-value 0.9632) ( Figure 5 ). We also found no association between the obese and non-obese groups in serum levels TNF-a, IL-6, adiponectin, and AFI. This suggests that BMI probably does not influence this relationship.
Using regression analysis, we found no correlation between the cerebroplacental ratio (the ratio of resistance in the middle cerebral artery of the fetus to the resistance in the umbilical artery of the fetus) and the markers of inflammation.
In our study, the mode of delivery did not differ significantly between the 2 groups. For the whole population, 73% had delivery by cesarean section (77% in obese patients vs. 70% in non-obese patients).
For the neonatal outcomes, there were 2 factor taken into consideration: Apgar score and fetal birth weight. As most of the newborns were delivered in good general condition, there were no statistically significant differences between the 2 groups. We performed regression analysis of the effect of inflammatory markers on fetal birth weight, which showed there was a significant effect of IL-6 level (p-value 0.0010) and BMI (p-value 0.0026) on birth weight, but not for TNF-a (p-value 0.4868) and adiponectin (p-value 0.0675) (Figures 6, 7) .
Discussion
In the study, we showed the dependence of declining values of adiponectin on increasing values of BMI. The level of adiponectin was significantly lower in obese patients than in patients with normal BMI. Adiponectin is a cytokine specific for adipose tissue. It has anti-inflammatory and antiatherogenic effects and increases insulin sensitivity. Unlike other cytokines, its concentration decreases in obesity, insulin resistance, or cardiovascular diseases [10] . It appears that the placenta has many receptors for the cytokine. It was shown that in obesity, there is reduced adiponectin expression due to increased DNA methylation and negative feedback signals transmitted through the adiponectin receptors in various tissues, including the placenta [11] .
In our study, gestational diabetes and hypertension were more common in the obesity group (33.3% vs. 10.3% for diabetes and 16.6% vs. 0% for hypertension), but the group was too small to show statistical significance. Low level of adiponectin is an independent predictor of gestational diabetes in obese women [12, 13] , but there is no clear data on the role of adiponectin in the pathogenesis of pre-eclampsia or intrauterine growth restriction of the fetus [10] . A study reported a significant negative correlation between oxidative stress markers and adiponectin, suggesting a relationship between antioxidant levels and this adipokine in healthy pregnancies, which is altered in patients with gestational hypertension or pre-eclampsia [14] . Nevertheless, another study on the role of adiponectin, leptin, and resistin in onset of pre-eclampsia showed only the influence of leptin and resistin [15] .
It is assumed that in case of inflammation, the level of inflammatory cytokines is increased. In our study, the average concentration of TNF-a was higher in obese women, but this difference was not significant. On the contrary, the trend in level of IL-6 was unexpected, with lower levels in obese women, but this difference was not statistically significant. The results of previous reports show that in obese patients, serum levels of these adipocytokines are increased during pregnancy due to the influence of increased BMI [16] [17] [18] . One study showed that maternal adiposity was associated with significantly higher circulatory levels of these markers, but at the end of pregnancy, the BMI-dependent increase was not as evident as at the first or second trimester of pregnancy [19] . The available literature does not provide clear data on the role of these cytokines during pregnancy. Chronic inflammation that occurs in the fat tissue may increase the risk of insulin resistance. Monocytes and macrophages in adipose tissue producing inflammatory cytokines may eventually lead to altered glucose absorption. It has been shown that TNF-a is an independent predictor of gestational diabetes [10] . Furthermore, it was shown that inflammatory cytokines, including IL-6 and TNF-a, may play an important role in pre-eclampsia [20, 21] . Increased concentration of TNF-a was similarly described in the intrauterine growth restriction, but only with placental insufficiency [22] .
In our material, we observed a positive correlation between level of TNF-a and the number of previous miscarriages; this association is probably not influenced by BMI, and a similar relation is described in the literature. Immune disorders modulated by cytokines play a major role in the pathogenesis of recurrent miscarriage [23, 24] . The levels of TNF-a are higher in patients with a miscarriage compared to those with a successful pregnancy, suggesting that it might have harmful effects for pregnancy [25, 26] . A meta-analysis evaluating the association between TNF-a genetic polymorphisms and recurrent pregnancy loss risk demonstrated that 308G/A polymorphism might be a risk factor for miscarriage [27] . In this study, we did not show a correlation between cerebroplacental ratio and the markers of inflammation, and the literature does not provide any objective evidence of this.
Our results show a positive correlation between amniotic fluid index and TNF-a serum level. Interestingly, a significant correlation between maternal serum level of IL-6 and AFI values but not TNF-a was reported [28] . Moreover, previous studies revealed higher AFI in obese women when compared with nonobese women [29] .
The mode of delivery did not differ significantly between the 2 groups in our study. For the whole study population, 73% delivered by cesarean section, slightly more in obese women, but without statistical significance. On contrary, data from the present study indicate that obesity is associated with an increased risk of cesarean section [30] [31] [32] .
We found a statistically significant positive effect of IL-6 level and BMI on fetal birth weight. This is consistent with previous reports, where infants of women with overweight or obesity were more likely to be macrosomic [29] [30] [31] .
The exact role of inflammation in pregnancy is not well understood. A pregnant woman's immune system is in a specific balance between inflammatory and anti-inflammatory agents in favor of immunosuppression, due to the protection against rejection of the embryo. During each trimester, there may be various factors that modulate inflammatory reactions, where in the initial stage of pregnancy the pro-inflammatory effect is dominant, and in the second and third trimesters it evolves towards an anti-inflammatory state. The trajectories of cytokines are not well known. Moreover, it is not well known to what extent excessive body weight, activating the process of chronic subclinical inflammation, can modify these trajectories. Therefore, better understanding of the effect of obesity on pregnancy is of great clinical importance.
The results presented in this study are mostly consistent with previous reports [33] . Unfortunately, due to the small size of our groups, the study failed to demonstrate statistical significance for all outcomes. Moreover, the extension of inclusion criteria to patients that delivered before 37 weeks of pregnancy must be taken into consideration. Measuring other inflammatory markers, such as leptin or resistin, may also be helpful, as there are data showing an important correlation with outcomes in pregnancies complicated by obesity [34, 35] .
Conclusions
The role of inflammatory processes during pregnancy complicated by obesity should be emphasized. Currently, there are no reference levels of cytokines for either physiological pregnancy or pregnancy in obese patients. Circulating cytokines do not necessarily represent the actual severity of inflammation, and there is no evidence that inflammation in the mother increases inflammatory mediators in the fetus. The exact role of inflammatory processes in pregnancy complicated by obesity, in particular the impact on fetal tissue and long-term effects for the mother and child, requires further study.
